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A new dimension to the Barker hypothesis: Low birthweight though a variety of renal abnormalities, including tubu-
and susceptibility to renal disease. lar disorders, nephrolithiasis, and cortical echogenicity,
Background. There is an epidemic of renal failure among have been described in very LBW children [4], associa-Aborigines in the Australia’s Northern Territory. The inci-
tions between low birthweight and the chronic nephropa-dence is more than 1000 per million, and is doubling every three
thies of postnatal and adult life have not been trans-to four years. We evaluated the relationship of birthweight to
renal disease in adults in one high-risk community. parent.
Methods. We screened more than 80% of people in the Correlations of short stature with the development of
community for renal disease, using the urine albumin/creati- nephropathy in type 1 diabetics and with microalbum-nine ratio (ACR, g/mol) as the marker, and reviewed records
inuria in nondiabetic persons first hinted at such a rela-for birthweights.
tionship [5, 6]. More recently, direct correlations of LBWResults. Birthweights were available with increasing fre-
quency for people born after 1956. In 317 adults aged 20 to have been reported with microalbuminuria in type 1
38 years at screening, the mean birthweight (sd) was 2.712 6 diabetics [7], with albuminuria in Pima Indian type 2
0.4 kg, and 35% had been low birthweight (LBW, less than diabetics [8], arguably with microalbuminuria in older2.5 kg). Birthweight was positively correlated with body mass
nondiabetic persons [9], and with the progression of dis-index (BMI), blood pressure, and diabetes rates, but was in-
ease in persons with IgA nephropathy and membranousversely correlated with ACR. The odds ratio for overt albumin-
uria in LBW persons compared with those of higher birth- nephropathy [10, 11].
weights was 2.82 (CI, 1.26 to 6.31) after adjusting for other The health of Australian Aborigines is very poor, with
factors, and LBW contributed to an estimated 27% (CI, 3 to high rates of infection and the recent development of45%) of the population-based prevalence of overt albuminuria.
“lifestyle” diseases. Birthweights are well below thoseMultivariate models suggest that increasing BMI and blood
of non-Aboriginal babies, and serious childhood malnu-pressure and decreasing birthweight act in concert to amplify
the increases in ACR that accompany increasing age. trition is common [12–15]. Adult weights, blood pres-
Conclusions. LBW contributes to renal disease in this high- sures, and rates of type 2 diabetes and cardiovascular
risk population. The association might be mediated through disease are increasing rapidly [16–19], and in the North-impaired nephrogenesis caused by intrauterine malnutrition.
ern Territory (NT), standardized mortality rates areThe renal disease epidemic in Aborigines may partly be the
more than five times those of non-Aboriginal Australianslegacy of greatly improved survival of LBW babies over the
last four decades. Disease rates should eventually plateau as [20, 21]. Renal disease is also increasing, with an age-
birthweights continue to improve, if postnatal risk factors can adjusted incidence of treated end-stage renal disease
also be contained. (ESRD) in NT Aboriginals approximately 20 times that
of non-Aboriginal people, and doubling every three to
four years [22–24].
Barker et al have proposed that intrauterine malnutri- We recently described the rates and associations of
tion, marked by low birthweight (LBW), predisposes renal disease underlying this epidemic in one Aboriginal
individuals to type 2 diabetes, hypertension, dyslipide- community (1991 population of 957) whose 1994 through
mia, and cardiovascular disease in adult life [1–3]. Al- 1996 annual ESRD incidence rate was 2700 per million
[24–26]. Albuminuria, which marks renal disease and
predicts renal failure, was widespread and was signifi-Key words: albuminuria, epidemic of renal failure, body mass index,
postnatal risk factors, diabetes, high blood pressure. cantly correlated with increasing body mass index (BMI),
blood pressure, levels of blood glucose, cholesterol andReceived for publication December 23, 1998
triglycerides, heavy drinking, the presence of scabies,and in revised form March 31, 1999
Accepted for publication April 9, 1999 and a history of poststreptococcal glomerulonephritis.
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Table 1. Birthweights of study participantswhich the simultaneous operation of several risk factors
successively amplifies the increase in albuminuria that Age group N Range kg Mean (sd) kg ,2.5 kg
accompanies increasing age. 20–29 years 202 1.47–4.08 2.735 (0.47) 32.1%
30–39 years 115 1.53–3.83 2.630 (0.48) 37.1%In a subset of the population whose birthweights had
All 317 1.47–4.08 2.712 (0.46) 35%been recorded, albuminuria was also significantly, and
inversely, correlated with birthweight [26, 31]. In this
article, we describe the birthweight profile of these young
adults and its association with albuminuria, and develop
logistic additive models were created using STATA anda multideterminant model in which birthweight is one
S-plus statistical packages [32, 33].of several factors contributing to renal disease risk. We
also speculate on mechanisms and consider the implica-
tions for disease rates in the future.
RESULTS
Birthweights were available for 317 persons aged 20
METHODS years or more at screening, on whom complete measure-
Details of the health screen, conducted between 1992 ments of BMI, blood pressure, and ACR were obtained.
and 1996, have been described elsewhere [23, 26]. Ninety A total of 181 were males and 136 were females, with
percent of the adults (age 20 years or more) in that fewer females due to pregnancy, the puerperium, and
population participated in the screen. Dialysis patients contaminated urine specimens. Two hundred and two
were not included. Height, weight, blood pressure, fast- people were 20 to 29 years old, and 115 were 30 to 38
ing lipid levels, and serum creatinine were measured, years old at screening. Gestational ages had not been
and glucose tolerance was evaluated [27]. The albumin/ recorded for most; many mothers presented late in preg-
creatinine ratio (ACR) (g/mol) was measured on a ran- nancy or during or after delivery in the early years. Even
dom urine specimen, using an immunonephelometric today, only 22% of NT Aboriginal mothers present dur-
technique (Beckman Instruments, Brea, CA, USA) that ing the first trimester, when ultrasound estimates of ges-
is sensitive to albumin concentration below 1 mg/ml tational age are most accurate, and a firm date of the
[28–30]. ACR levels of 34 g/mol or more were defined as last menstrual period is recorded for fewer than 10%.
“overt” albuminuria, corresponding to 300 mg albumin/g However, as in other developing societies, most under-
creatinine or more. Contaminated or infected urine sam- weight Aboriginal babies are “small for dates,” and in
ples were avoided, and data from females who were
a recent local study, 70% of LBW Aboriginal babies had
pregnant or within six months of delivery were not in-
intrauterine growth retardation [34–39]. Length at birth,
cluded in the analysis.
head circumference, and placental weight had been re-Labor and delivery registers and medical records in
corded too infrequently in our group to allow analysis.the community clinic and at the Royal Darwin Hospital,
Table 1 shows that the mean birthweights of studythe single regional center, were exhaustively reviewed
participants was low, and the proportion who were LBWfor birthweights of participants. Prior to 1956, many ba-
was very high. Average birthweights were somewhatbies had been born in the bush, and there was no system-
higher in the younger age group. The mean birthweightatic recording of birthweights. With increasing trends
was the same in males and females, but a greater propor-to clinic or hospital-based deliveries, birthweights were
tion of females was LBW (40.6 vs. 30.2%).sometimes documented in 1956, commonly recorded by
Table 2 shows that LBW people had lower weights,1958 and systematically recorded by 1963.
heights, BMIs, blood pressures, and cholesterol levels atClinical data from “LBW” (,2.5 kg) and “normal”
the screening, and had a tendency towards lower ratesbirthweight ($2.5 kg) persons were compared. There
of diabetes than normal birthweight people. However,was an excess of males in the normal birthweight group,
as shown in Table 3, they also tended to have higherso an additional comparison was made using a matched
ACRs, with a stronger correlation found in the olderpair analysis [31]. In this procedure, each LBW person
age group. Differences in mean ACR suggested such awas matched where possible to a normal birthweight
trend, while the frequency of overt albuminuria in theperson of the same sex and within one year of age at
aggregate LBW group was almost twice that of normalscreening. Correlations of albuminuria with birthweight
birthweight people. The matched-pair analysis (48 fe-were also evaluated in the aggregate population, using
male pairs and 49 male pairs, mean age 27.1 years) con-categorical and continuous variables for both parame-
firmed all of these trends, with g mean ACR 3.2 vs. 1.9ters, but employing the log transformed function of ACR
(P 5 0.25) in LBW and normal birthweight pairs andon a continuum to normalize its distribution. T-tests and
rates of overt albuminuria of 16 and 7%, respectivelystratified and multivariate linear and logistic regression
analyses were performed, and generalized linear and (P 5 0.02) [31].
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Table 2. Clinical features by birthweight category
Low birth weight Normal birth weight
Characteristic N 5 111 N 5 206 P
Age years 27.365.0 26.865.3 0.8
Male 50.5% 60.7% 0.08
Birth weight kg 2.2260.27 2.9660.33 0
Weight kg 59.8613.5 66.1616.3 0.006
Height cm 165.868.6 168.167.6 0.01
BMI kg/m2 21.764.6 23.365.3 0.009
SBP mm Hg 115615 119615 0.02
DBP mm Hg 71612 72612 0.5
Cholesterol mmol /liter 4.361.0 4.561.0 0.053
Triglycerides mmol /liter 1.761.0 1.961.1 0.44
Fasting glucose mmol /liter 4.760.8 4.861.9 0.5
Fasting insulin, g mean mU/liter 9.4 (CI 7.8–11.2) 7.3 (CI 6.5–8.2) 0.02
With diabetes 4.2% 8.3% 0.32
Table 3. Albumin/creatinine ratio (ACR) by birthweight category
Age group Low birth Normal birth
years weight weight P
ACR, g mean (95% CI) 20–29 2.3 (1.5–3.5) 1.8 (1.3–2.4) 0.34
30–38 4.9 (2.7–9.0) 3.3 (2.1–5.1) 0.27
All 3.1 (2.2–4.3) 2.2 (1.7–2.8) 0.14
Proportion with ACR 341 20–29 18.9% 14.3% 0.37
30–38 24.4% 12.7% 0.08
All 16.2% 8.7% 0.037
Fig. 1. (A) Predicted albumin/creatinine ra-
tio (ACR) by birthweight in adults, adjusted
for age, gender, body mass index (BMI), and
blood pressure. (B) Predicted probability of
ACR 341 by birthweight in adults, adjusted
for age, gender, BMI and blood pressure.
Figure 1, calculated from multivariate linear and logis- Table 4 shows estimates of magnitude of the inverse
relationship between birthweight and ACR. It was al-tic regression models, demonstrates the inverse relation-
ship between birthweight and ACR as a continuous and ways stronger, and only significant, after accounting for
BMI and blood pressures, as well as age and sex. Modelscategorical variable, after accounting for age, sex, BMI,
and blood pressure. predict a 6.3% increase in g mean ACR and a 11%
increase in risk of overt albuminuria for every 100 gFigure 2, predicted from a multivariate model adjusted
for sex, demonstrates how the operation of several risk reduction in birthweight, if other variables are kept con-
stant. They predict a 2.8-fold increase in rates of overtfactors progressively amplifies the increase in ACR that
accompanies increasing age. The model predicts low albuminuria in LBW versus normal birthweight persons,
after accounting for age, sex, BMI, and blood pressure.probabilities of overt albuminuria in persons of “normal”
BMI, blood pressure and birthweights, and successive For comparison, in those same models, the odds ratio
(CI) associated with high versus normal BMI (.25amplification of those probabilities at every age with
increasing numbers of risk factors. These graphs demon- kg/m2) was 4.6 (CI, 1.8 to 11.6), and with hypertension
($140/90 mm Hg) versus normotension was 9.0 (CI, 3.5strate that the effect of LBW on ACR might be easier
to discern in the presence of other risk factors. to 23.5).
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Fig. 2. Amplification of albuminuria. (A)
Low birthweight as one of several risk factors.
(B) Low birthweight as the sole risk factor.
Table 4. Estimated contributions of decreasing birthweight to increase in ACR
Adjusted for age, sex,
Outcome Birth weight variable Adjusted for age and sex BMI and SBP
Increase in g mean ACR (95% CI) 100 g reduction in birth weight 2% (22.2%, 6.2%), P 5 0.376 6.3% (2.2%, 10.0%), P 5 0.003
ACR 341, odds ratio (95% CI) 100 g reduction in birth weight 1.06 (0.97, 1.14) P 5 0.191 1.11 (1.02, 1.21), P 5 0.013
ACR 341, odds ratio (95% CI) Low vs. normal birth weight 1.81 (0.88, 3.74), P 5 0.106 2.82 (1.26, 6.31), P 5 0.12
ACR 341, PARa, percent (95% CI) Low birth weight 19% (21%, 40%), P 5 0.106 27% (3%, 45%), P 5 0.018
a population attributable risk
DISCUSSION is probably mediated, in part, through impairment of
nephrogenesis resulting from intrauterine malnutrition,In this community, lower birthweights dispose to albu-
as Brenner et al have proposed [41–43]. In animal mod-minuria and amplify the increase in levels that accom-
els, nephron number at birth is powerfully reduced bypany increasing age, BMI, and blood pressure. Through
intrauterine malnutrition [44], and in studies of humanits association with overt albuminuria, which marks un-
fetuses and babies, nephron numbers, which peak at 36equivocal renal disease and predicts renal insufficiency
weeks gestation [45] are strongly correlated with intra-[26], LBW therefore predisposes to renal failure and
uterine nutrition and with birthweight [46, 47]. Nephronrenal deaths. This observation complements reports of
number, in turn, is a determinant of renal mass [47]. Athe predisposing effects of LBW on metabolic and car-
strong correlation between birthweight and body-surfacediovascular disease in other populations [1, 2] and attests
area-adjusted renal volumes in children in our studyto the interfaces and common background of these con-
community supports this hypothesis (abstract; Hoy et al,ditions [26, 40].
J Am Soc Nephrol 9:A0770, 1998). In a model of reduced
The predisposing effect of LBW to renal disease has
nephron endowment, compensatory hypertrophy and
now been exposed in two populations with the highest hyperperfusion of remaining nephrons could result in
rates of treated ESRD in the world. In Pima Indians, in albuminuria and glomerulosclerosis, and accelerate the
whom low and very high birthweights are both predispos- loss of nephrons associated with other nephropathic fac-
ing factors, renal disease is predominantly related to type tors and with aging. The pronounced enlargement and
2 diabetes [8], whereas in our group, renal disease is sclerosis of glomeruli seen in most “diseased” renal
multideterminant. We could not confirm the contribu- biopsies from this and other Aboriginal communities are
tion of very high birthweights ($4.5 kg) to renal disease compatible with these theories [48, 49]. The association
seen in the Pima Indians, because nobody qualified, but of LBW with renal disease could be especially marked
the higher blood pressures and rates of diabetes in per- in persons with a relatively low nephron endowment
sons of higher birthweights in our group suggest that (said to vary at least fourfold among “normal” people
a bimodal association between birthweights and renal [50]), on a genetic basis. Low endowment might have
disease might be exposed as these relatively young adults been adequate in the previous subsistence environment
age. or might have constituted a survival advantage in condi-
The association between LBW and renal disease in tions of salt and water deprivation. Such a characteristic
our population was not mediated through higher rates could contribute to the marked family clustering of renal
of hypertension or type 2 diabetes [1, 2], although we disease noted in all Aboriginal communities [26, 51].
Further studies are addressing these possibilities.cannot exclude a role for insulin resistance. The effect
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David Pugsley originally exposed the problem of renal disease amongThe link between LBW and renal disease is illumi-
NT Aborigines, and he and Dr. David McCredie have supported us
nated in this community by the high rates of albuminuria in this study. Finally, our deepest appreciation is due to Ms. Beverly
caused by the multitude of risk factors, and the high Hayhurst for her dedicated work on this project.
proportion of LBW persons. The association is probably
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